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1,  Pcrpoae.  To  provide  JQfi  Pbrecastere  Tilth  techniques  pertleulerly  evdted  to 
short>perl.od  terminal  forecasts  of  one  to  throe  hours.  . 

2,  Scope.  This  Is  Part  I  of  a  planned  AMSM  10$-gl  series  on  terminal  forecast¬ 
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short-period  terminal  forecastlEg  aethods  based  largely  on  extrapolation.  Various 
techniques  for  forecasting  visuil  elements  arc  suggested  as  well  as  a  systematic 
means  of  charting  the  surface  and  u-pper-level  conditions  in  the  local  region  of 
interest.  Although  ejqjerience  vith  some  of  the  suggested  procedures  is  limited,  they 
are  belierred  to  have  merit,  and  shn-id  be  further  field-tested  where  operational  con¬ 
ditions  permit.  This  headquarters  should  be  advised  of  results  of  field  experience 
vdth  these  and/or  other  similar  techniques  or  aids  to  terminal  forecasting,  which 
will  be  considered  for  future  revisions  and  parts  of  this  Manual, 
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EXTRAPCOATION  TECHNIQUES  FOR  SHORT-PERIOD  TERMINAL  PORECASTINa 

Chapter  I 
INTRODUCTION 

The  problem  of  accurate  short-period  terminal  forecasting  has  long 
been  with  us;  however  It  did  not  become  critical  until  the  wide-spread 
use  of  Jet  aircraft*  Plight  plans  for  conventional  aircraft  are  actu¬ 
ally  computed  on  a  "bviated"  terminal  forecast  basis,  i.e.,  alternate 
plus  a  safety-margln-of-fuel  consideration.  This  is  quite  critical 
with  Jets;  owing  to  their  high  rate  of  fuel  consuBq[>tlon,  there  Is  less 
time  to  make  decisions  and  change  plans.  Even  where  conventional  air¬ 
craft  are  concerned.  It  Is  frequently  overlooked  that  while  the  air¬ 
craft  may  land  “somewhere”  safely,  the  operational  Impact  on  the  mission 
of  landing  at  an  alternate  may  be  tremendous. 

The  purpose  of  this  Manual  Is  to  stiggest  the  type  of  methods  which 
are  peculiarly  suited  to  prepi*_'lng  forecasts  for  periods  of  one  to 
three  hours.  Some  of  the  methods  outlined  deal  with  specific  para¬ 
meters;  others  are  more  general  In  nature.  However,  each  technique  may 
be  used  either  Independently  or  In  conjunction  with  other  forecast  con¬ 
siderations. 

All  of  the  techniques  presented  are  based  on  a  single  forecasting 
principle  —  extrapolation.  Extrapolation  Is  the  most  powerful  short- 
period  forecasting  tool  currtjntly  available  to  the  meteorologist. 
Although  the  potential  value  of  other  more  "physical"  forecasting  prin¬ 
ciples  Is  not  questioned,  at  this  time  the  easiest  and  most  rapid  Im¬ 
provement  In  short-period  terminal  forecasting  may  be  realized  through 
vigorous  exploitation  of  extrapolation  techniques.  This  Manvial  de¬ 
scribes  some  of  these  techniques. 

Extrapolation  Is  the  estimating  of  the  future  value  of  some  vaidLa- 
ble  from  observations  of  Its  present  and  past  values.  In  the  simple 
techniques  discussed  here  the  extrapolation  Is  taken  linearly,  with 
only  very  crude  (if  any)  consideration  of  accelerations.  The  quality 
and  frequency  of  observations  do  not  generally  permit  or  Justify  use  of 
more  sophisticated  techniques  for  treating  accelerations,  nor  do  short- 
period  forecasts  generally  require  them.  Even  the  simplest  methods, 
however,  are  quite  sensitive  to  the  quality  and  time-spacing  of  the 
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observations  as  well  aa  the  quality  of  any  analysis  of  these  observa¬ 
tions  . 

In  the  case  of  short-period  forecasting  the  qxiallty  of  the  obser¬ 
vation  Is  especially  significant  because  of  Its  close  proximity.  In 
time,  to  the  forecast  itself.  Ihe  hourly  sequences  obviously  cannot 
provide  a  complete  nor  even  adequate  picture  of  the  weather  imder  all 
conditions .  V/hen  special  conditions  prevail,  the  REMARKS  section  pro¬ 
vides  opportunity  for  amplifying  the  observation.  This  may  be  of  great 
Importance  In  bad  flying  weather.  The  observers  and  forecasters  should 
utilize  the  REMARKS  section  as  much  as  possible  to  this  end. 

Imminent  Introducuxoa  of  the  i^stating-beam  cellometer  and  the 
transmlssometer  emphasizes  a  problem  which  Is  particularly  Important 
in  short-period  terminal  forecasting,  l.e.,  the  very  short-period  vari¬ 
ation  In  celling  and  visibility.  During  occurrences  of  low  ceilings 
and  visibilities  these  parameters  often  vary  by  a  factor  of  or  so 
around  some  mean  value  over  periods  of  as  little  as  one  to  three 
minutes.  For  example,  rotating-beam-cellometer  records  show  cloud 
bases  varying  from  a  reported  300  feet  to  200  feet  and  then  up  to  400 
feet  in  less  than  one  minute.  Transmlssometer  records  Indicate  similar 
occurrences  relative  to  visibility.-  Even  more  extreme  variations  ai*e 
not  uncommon.  Unfortunately,  little  specific  guidance  can  be  given  on 
how  to  handle  this  variability  problem  from  a  forecasting  point  of  view. 
Nevertheless,  It  Is  Important  that  both  forecasters  and  their  customers 
be  aware  of  it.  Meanwhile,  an  experimental  program  to  explore  possible 
methods  for  Integrating  this  type  of  cellometer  and  ti’ansmlssoraeter 
information  Into  current  forecasting  techniques  is  under  way. 

As  further  suggestions  on  short-period  terminal  forecasting  become 
available  they  will  be  Issued  as  additional  parts  to  this  Manual  or  in 
other  manuals.  Each  detachment  is  encouraged  to  place  In  the  binder 
for  this  Manual,  other  available  material  germane  to  short-period 
forecasting. 
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Chapter  XI 
NEPRANALYSZS 


2.1.  V?hat  Is  Nephanalysla? 

Nephanalysia  nay  he  defined  as  any  form  of  analysis  of  the  field 
of  cloud  cover  and/or  type.  It  Is  not  yet  a  well-developed  convention¬ 
alized  system  of  procedure.  In  particular,  very  little  practical 
experimentation  lias  been  done  with  the  synoptic  analysis  of  either 
cloudiness  or  cloud- type  means  of  special  charts.  The  potentiali¬ 

ties  of  specialized  nephanalysia  may  seem  to  be  obvious,  but  In  practice 
difficulties  are  encountered,  viz.: 

a.  The  cloud  observations  received  In  synoptic  codes  permit 
only  a  highly  generalized  and  Inconplete  description  of  the  actual 
structure  and  appearance  of  the  cloud  systems. 

b.  The  observation  stations  are  usually  too  far  apart  to  per¬ 
mit  a  representative  plctuire  of  the  distribution  of  many  featua>es  tdiich 
have  a  high  degree  of  spatial  and  time  vailabllity. 

c.  So  many  parameters  are  observed  that  they  cannot  all  be 
readily  analyzed  on  one  chart. 

In  view  of  these  limitations.  It  Is  recommended  that  all  forecast¬ 
ers  considering  the  use  of  nephanalysls  approach  it  with  an  open  mind 
for  experimentation.  They  shovild  select  for  analysis  only  the  particu¬ 
lar  parts  of  the  cloud  observations  which  are  important  to  the  Intended 
application,  and  then  adjust  the  chart  scale,  the  degree  of  detail,  and 
the  mode  of  representation  to  the  character  of  the  data  and  to  the  pur¬ 
pose.  The  lite.-atiire  imfortunately  offers  practically  no  guidance  on 
this. 

There  will  be  some  reluctance  to  adding  special  cloud  charts  Into 
the  station  routine.  For  many  purposes,  special  neph-charts  should  not 
be  necessary  because  sufficient  nephanalysls  can  be  performed  on  the 
regularly  prepared  surface  synoptic  charts,  perhaps  with  the  aid  of  an 
acetate  overlay.  At  present,  few  forecasters  make  full  use  of  the  cloud 
reports  plotted  on  their  cliarts,  and  often  many  cloud  reports  are  omitted 
from  the  plotting.  Obviously,  the  first  consideration  In  nephanalysls 
is  to  survey  wlrat  cloud  Information  Is  transmitted  and  to  see  that 
everything  pertinent  is  plotted  on  the  regular  charts.  For  very  short- 
period  forecasting  the  charts  at  6-,  12-,  and  24- hr  intervals  are  apt 
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to  be  Insufficiently  frequent  for  use  of  the  extrapolation  techniques 
to  he  discussed  below.  Consideration^  therefore,  must  he  given  to 
plotting  neph'd^^s  or  surface  charts  (for  a  small  area  at  least)  of 
the  Intermediate  3-hourly  synoptic  reports  and  even  of  hourly  sequences. 
A  disadvantage  of  the  separate  neph>  chains  Is  that  the  correlation  of 
the  cloud  analysis  with  the  analysis  of  closely  related  phenomena 
(which  tutially  also  have  to  he  forecast)  Is  made  more  cumheraome.  In¬ 
tegrated  analysis  and  forecasting  of  celling,  visibility,  cloud  cover, 
and  precipitation  Is  more  economical  and  successful  because  these  ele¬ 
ments  are  physically  dependent  on  the  same  synoptic  processes.  The 
fact  that  the  forecasting  of  each  element  Is  discussed  separately  In 
this  Manual  Is  not  meant  to  lnq>ly  that  such  a  rigid  separation  should 
or  can  he  followed  In  practice. 

2.2.  Lee’s  Method  of  Middle-Level  and  Hlgh-Cloud  Forecasting  with 
Aid  of  gaphanalysls . 

A  report  written  by  R,  Lee  (l]^  published  by  the  Canadian  Meteoro¬ 
logical  Service,  contains  a  imique  chapter  on  the  use  of  nephanalysls 
from  hourly  observations  in  short-period  forecasting  of  middle  cloudi¬ 
ness  for  terminals  in  eastern  Canada.  Some  Ideas  and  examples  from  it 
are  included  in  this  Chapter.  Lee  used  nephanalysls  In  several  forms. 
Including  special  neph-charts,  to  extrapolate  movements  and  types  of 
general  cloud  systems.  Thvts,  his  nephanalysls  appears  as  an  aid  rather 
tl:an  as  an  Independent  method  for  producing  the  final  forecast.  (It  Is 
conceivable,  of  course,  that  nephanalysls  could  be  devised  to  provide 
forecasts  Independently  of  other  aids,  althovigh  this  is  believed  to  be 
Inherently  undesirable.) 

2.3.  Plotting  and  Analysis. 

Nephanalysls  of  the  types  used  by  Lee  may  be  done  as  follows:  ' 
2.3.1.  Petermlnlng  the  Coverage  of  the  Nephanalysls.  Let  us  assume 
that  the  area  and  shape  of  middle-cloud  sheet  changes  relatively  little 
with  time,  l.e..  It  Is  essentially  translated.  Then  we  can  say  that 
the  local  changes  at  our  terminal  In  the  next  few  hours  will  be  caused 
by  the  existing  cloud  formations  In  the  direction  from  which  they  are 
moving.  The  cloud  analysis  over  a  band  about  600  miles  wide  centered 
on  otir  terminal  and  oriented  upstream  with  the  current  500-mb  flow  is 
sufficient  to  Include  all  the  middle  and  upper  clouds  likely  to  affect 
our  terminal  In  the*  forecast  period.  The  length  of  the  upstream  area 
analyzed  depends  on  the  speed  of  the  upper  winds,  or  on  the  motion  of 
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the  surface  presstire  system  with  which  the  neph-system  is  assdclated. 
For  eaaiqjle.  If  the  clouds 'were  moving  at  a  speed  of  60  knots,  an  analy¬ 
sis  extending  360  nautical  miles  upstream  would  he  adecpiate  to  forecast 
middle-  and  hl^-cloud  changes  for  a  6-hour  period. 

2.3.2.  Plotting.  The  extent  and  method  of  plotting  a  neph-chaxrt 
depends  on  the  Individual  synoptic  sltitatlon  and  may  he  acconqpllshed  In 
a  number  of  ways.  It  la  essential  In  all  eases,  however,  that  the 
cloud  reports  to  he  used  as  predictors  are  plotted  at  sufficient  loca¬ 
tions  to  permit  a  quick  and  usable  analysis  to  he  made. 

Cloud  Information  Is  transmitted  in  various  forms  In  the  several 


codes.  Since  many  forecasters  az«  not  familiar  with  the  scope  of  this 
Information,  a  listing  of  the  pertinent  groiq>s,  symbols,  and  specifica¬ 
tions  In  each  code  as  of  December  1936  Is  given  In  Appendix  A.  If 
separate  neph-chaxrts  are  to  he  constructed,  a  special  plotting  model 
must  he  devised  for  the  partlctilar  code  reports  desix^ed.  Di  general. 

It  Is  recommended  that  the  usual  symbols  or  abbreviations  for  cloud 
type  be  used.  However,  In  plotting  from  U.S.  Airways  Reports  the 
letters  “ii,"  ”3,"  and  "T"  are  recommended  for  "broken,"  "scattered,"  and 
"overcast"  Instead  of  the  teletype  symbols  in  order  to  avoid  confusion 
with  the  cloud-ccver  symbols  In  the  station  circle.  Due  to  the  differ¬ 
ent  specifications  or  concepts  \»ed  In  the  codes,  difficulties  In 
plotting  and  analysis  may  result  from  entering  on  one  map  reports  trans¬ 
mitted  In  dlffex^nt  codes.  The  confusion  can  be  minimized  by  plotting 
repozrts  from  different  codes  each  In  a  different  color.  (See  Appendix 
A  for  applicable  code  forms.) 

2.3.3.  Analyzing  for  Neph-Areas;  Heph-Curves  and  Isochrones.  The 
nev^h-system,  or  entire  cloud  pattern  over  a  large  area  (cyclone,  anti¬ 
cyclone,  etc.},  can  be  analyzed  Into  subordinate  units,  called  neph- 
areaSj  which  are  outlined  on  a  neph-chart  (or  on  a  surface  synoptic 
weather  map)  by  boundaries  called  neph-curves.  The  neph-areas  may  be 
chosen  as:  l)  clear  skyj  2)  scattered  Cj^,  Cjj,  or  Cjj;  3)  broken  Cj^,  Cjj, 
or  Cjj.  The  choice  of  neph-curves  to  be  entered  on  a  particular  chart 
depends  on  the  type  of  clouda  In  which  the  forecaster  Is  Interested. 

The  attei!q;>t  to  analyze  all  possible  neph-curves  on  one  chart  results  In 
too  complex  a  picture  (e.g.,  see  [2]).  In  sub-section  2.4.3  lower- 
cloud  and  also  middle-cloud  neph-curves  are  Illustrated. 

An  extension  of  the  neph-area  aiudysls  is  suggested  to  facilitate 
cloud  forecasting  by  extrapolation;  Isochrones  of  past  hoiirly  positions 
of  certain  neph-curves  are  added  to  the  map.  For  example,  the  times 
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(to  nearest  hour  or  half-hour)  at  which  middle  cloud  first  appeared  for 
upstream  stations  could  be  plotted  on  a  given  neph-ehart  (or- on  the 
stirface  weather  map)  and  isochrones  drawn. 

The  drawing  of  neph-curves  and  isochrones  is  not  without  difficul¬ 
ties  due  to  the  apparent  complexity  of  the  patterns  or  to  parse  data. 
Usually,  a  degree  of  smoothing  is  in  order  —  only  esqperience  can  tell 
how  much.  Particularly  with  lower-cloud  systems,  the  spottiness  of  the 
distributions  may  require  a  rather  arbitrary  nephanalysis  tinless  suit¬ 
able  models  can  be  developed.  Limitations  of  the  data  must  also  be 
kept  in  mind.  Often  on  moonless  nights,  the  observers  can  only  guess 
at  the  cloud  types  and  amounts.  Lower  clouds  generally  show  a  marked 
diuxnal  variation.  Also,  terrain  influences  can  be  more  prominent  than 
those  of  the  general  synoptic  processes. 

2.3.^.  Associating  the  Nephanalysis  with  Other  Analyzed  Charts  and 
Soundings.  It  is  obviously  of  great  impoirtance  in  nephanalysis  to 
obtain  an  understanding  of  the  relationship  of  the  neph-systems,  areas, 
and  curves  to  synoptic  features  such  as  weather  distribution,  flow 
patterns,  fronts,  troughs,  ridges,  squall-lines,  etc.  When  the  neph¬ 
analysis  is  done  on-  synoptic  surface-weather  maps,  this  correlation  is 
greatly  facilitated.  Otherwise,  it  is  suggested  that  surface  3-hoiupiy 
frontal  positions,  700-  or  500-mb  trough  lines,  instability-index  areas, 
Z-bar  lines,  dew-point  spread  lines  (aloft),  etc.,  be  traced  onto  the 
special  neph-charts  whenever  it  seems  pertinent. 

2.4.  Forecasting  from  Nephanalysis. 

2.4.1.  Extrapolating  Neph-Curves.  A  simple,  quick,  and  generally 
valid  method  of  short-period  cloud  forecasting  is  by  extrapolation  of 
the  neph-areas  and  curves.  It  may  be  assumed  that  accelerations  are 
relatively  small  and  negligible  over  3-hour  periods.  Experience  indi¬ 
cates  that  this  is  acceptable  —  even  in  many  developing  situations. 
However,  where  other  synoptic  considerations  clearly  reveal  likely  de¬ 
velopments,  the  extrapolation  of  neph-areas  can  be  modified  accordingly. 
This  modification  usually  can  be  done  by  ^eye."  For  periods  over  three 
hours,  use  of  a  graphical  method  such  as  Defant's  (3)  or  Wasko's  (4)  on 
the  neph-curve  movements  possibly  would  be  of  value.  The  extrapolation 
may  be  performed  on  entire  neph-areas  as  units,  on  individual  points  in 
the  neph-curvts,  or  on  points  in  the  Isochrones  of  the  neph-curves.  It 
is  also  advisable  to  carefully  examine  the  nephanalysis  and  extrapola¬ 
tions  in  conjunction  with  cho  corresponding  upper- level  contour  charts 
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(cxuTrent,  prognostlCi  and  Z-bar)  to  aee  what  cloud  motion  mlc^t  be  ex¬ 
pected  from  the  wind-field.  (Cloud  aystems  generally  move  slower  than 
the  winds*  [5]*)  When  the  nejA-curves  cannot  be  determined  accurately 
due  to  a  sparse  station  netwox4c«  isochrones  may  be  very  Ijiacciuraite  and 
extrapolations  from  them  cannot  be  made  with  confidence.  Under  such 
conditions  the  previoxis  cloud-changes  with  time  at  given  individual  up¬ 
stream  stations  may  be  used  to  indicate  probable  future  changes  at 
particular  dovnstreaa  stations.  Here,  it  is  assumed  that  stations 
affected  by  the  same  neph-area(3}  of  a  neph-system  will  have  similar 
weather  (cloud)  secjuences.  Obviously,  In  rapidly  developing  situations 
the  assumption  is  of  limited  validity  xmless  the  forecaster  can  track 
the  advectlve  and  development  trends  separately.  For  example,  stq;>pose 
that  middle  cloud  made  its  first  appearance  at  the  upstream  station  at 
I23OZ,  followed  by  a  change  to  an  overcast  deck  of  altos tratus  by  1930Z. 
Knowing  the  past  movement  of  the  clouds,  or  wind  field  at  the  alto- 
stratus  levels*,  and  the  distance  between  the  stations,  a  first  approx¬ 
imation  to  the  arrival  of  middle  cloud  would  be  I23OZ  plus  the  time  re¬ 
quired  for  the  cloud  to  move  by  translation  alone.  Due  to  the  neglect 
of  other  synoptic  developments,  the  error  In  this  forecast  may  be  large. 
However,  once  the  middle  cloud  first  appears,  say  at  1730Z,  as  scatter¬ 
ed  altocumulxis,  the  timing  of  overcast  conditions  can  be  estimated  by 
the  knowledge  of  previous  events  at  the  upstream  station,  lhat  is, 
three  hours  hence  at  2030Z,  it  may  be  expected  that  the  scattered 
middle  cloud  will  increase  and  become  an  overcast  deck  of  altostratus. 

In  a  similar  manner,  one  can  use  the  time  intervals  between  the  appear¬ 
ance  of  overcast  altostratus  and  the  beginning  of  continuous  precipita¬ 
tion  as  a  forecast  Indicator,  or  the  Interval  between  the  beginning  of 
precipitation  and  the  appearance  of  a  lower  cloud  form. 

Some  variation  in  procedure  is  in  order  not  only  according  to  the 
element  or  cloud  feature  to  be  forecast  but  also  according  to  the 
character  of  a  given  neph-system.  Systems  movliig  at  30  to  *10  knots 
were  foimd  by  Lee  to  require  a  large  upstream  nephanalysls  area  using 
3-hour  intervals  only,  limiting  the  intermediate  hourly  nephanalysls  to 
immediate  upstream  areas.  The  extrapolation  is  done  on  the  nephanalysls 
for  the  limited  axnea,  using  the  features  Identified  on  the  larger-area 

*  If  5500-Eb  2-bar  chart  is  available  assume  clouds  sxjve  with  80J  of  the  2-bar  flow; 
otherwise  see  Appeudix  B  for  suggested  siisplc  altemative  procedure. 
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chart#. 

The  extrapolation  of  lower  clouds  (like  their  analysis)  will  be 
found  nuch  non  difficult  than  for  middle  clouds.  The  relation  of  the 
lower  clouds  to  tne  syiioptlc  features  is  complicated  by  influences  of 
terrain  (heating.,  cooling;,  orographic  effects,  diurnal  variation,  fric¬ 
tion,  etc.}.  As  a  result,  the  cloud  areas  are  apt  to  show  an  irregular 
translation,  ao  that  fcA^.-apolatlon  may  not  be  very  successful  even  If 
the  difficulties  in  anaJi./i..ia  neve  ov^^vcome.  It  Is  probable  that  exten¬ 
sive  local  experle^^e;^.  3;»a  the  study  of  radar  echoes  (see  Chapter  VIl) 
aie  ^he  beat  means  of  making  short-term  nephanalysls  and  forecasting  of 
xov»er  clouds  a  v'*'*ctlcal  art. 

to  r.ccv.r.a  ,  the  experience  in  Canada  suggests  an  error  of  the 
ord--.  of  half  an  l.ouv*  for  two  hours  in  advance.  This  might  be  Improved 
wlt.i  incre'iwed  oxi'trlence .  Heiatlvely  higher  accuracy  may  be  expected 
r>-r  ;i  ocatlonn  C’rji.tly  in  tne  path  of  a  low  than  for  those  which  lie 
n<  -i  -.he  bojde%  of  n  t.;h- system. 

2,4.1*.  goreeactlMg  Weather  with  Aid  of  Neph-Progs.  Having  made  an 
extrapolation  of  neph  areas  and  curves-,  isochrones,  etc . ,  a  further 
Interpretation  In  terms  o.f  associated  weather  (precipitation,  tempera¬ 
tures,  etc.)  is  often  feasible.  This,  however,  usually  demands  an  equal 
conaluoratlon  of  the  olr -  maea  structure,  stability,  moisture  distrlbu- 
tio*-i,  pressure  pattern,  probable  vertical  motion  field,  etc.-  Thus,  the 
nephanalysls  becomes  a  special  aid  to  the  usual  methods  for  general 
weather  forecasting  and  serves  to  sharpen  the  outlook  for  periods  of 
leas  than  10  hours. 

2.^»,3.  Example  of  Nephanalysls  of  Lower  and  Middle  Clouds  for 


Kortheaatexni  United  States,  10  Avtgust  1954,  0300-lgOOZ.  Figure  1  shows 
examples  of  nephanalyses  using  the  proposed  plotting  model.  Superim¬ 
posed  on  the  nephanalyses  are  the  surface  fronts  traced  from  the  063OZ 
sxu'face  map. 

An  Illustration  of  the  technique  of  analyzing  cloud-cover  changes 
with  Isochrones  is  shown  In  Figure  2.  The  time."  when  overcast  middle 
cloud  first  appeared  at  each  station  were  abstracted  from  hourly  weath¬ 
er  reports.  The  change  in  overcast  middle-  cloud  was  then  analyzed  by 
drawing  the  l3ochi*ones.  Other  significant  changes  in  cloud  cover  could 
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Piguare  la,  Low-Cloud  Nephanalysle,  063OZ,  10  August  195^ 


Figure  lb.  Middle-Cloud  Nephanalysls,  063OZ,  10  August 


gQTi 
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Figure  2.  Time  of  Arrival  of  Overcast  Middle  Cloud,  0300Z 
1200Z,  10  August  195*^. 


be  handled  in  a  similar  manner.  Fr<m  the  regular  spacing  of  the  iso¬ 
chrones  in  Figure  2,  it  is  apparent  that  the  best  method  of  forecasting 
the  movement  of  the  neph- system  In  this  case  would  have  been  linear 
extrapolation. 

2.5.  Addendum. 

In  the  AWS  2d  Weather  Wing  Technical  Bulletin  for  September  1956, 


Part  II,  pp.  45-56,  is  an  Interesting  article  by  MaJ.  Ed.  S.  Maykut  on 
"Nephanalysls  and  Short-Range  Forecasting.”  His  method  is  mainly  an 
application  to  ADC  problems  at  Orly,  of  the  old  (1923)  Schereschewsky 
and  V/herle  method  of  nephanalj'sis  (see  Wea.  Serv.  Bull,  ^'ol.  1,  Nos.  1 
and  2).  This  method  is  somewhat  coarse-grained  in  scale  and  is  tied  to 
a  i.'jodel  of  cloud  distribution  areu  td  2  typical  west-European  occluded 
cyclone,  a  model  which  has  now  been  revised -somewhat  in  the  forthcoming 
new  WMO  International  Cloud  Atlas.  This  model  probably  cannot  be  used 
universally  v/ithout  modification. 
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Chapter  III  .  -  , 

FRONTAL  PRECIPITATION  1 - 

3.1.  IntTO^uctlon. 

For  the  short-period  terminal  forecast  the  question  about  frontal 
precipitation  la  often  not  whether  there  will  be  any  but  when  will  It 
begin  or  end,  e.g.,  in  cases  where  it  has  already  begun  upstream  or  at 
the  terminal.  This  problem  is  well  suited  to  extrapolation  methods. 

The  prediction  of  new  precipitation  areas,  such  as  those  associated 
with  new  wave  development,  upper  trouts,  etc.,  of  course,  requires 
straightforward  synoptic  methods.  However,  for  very  short-period  fore¬ 
casting,  the  use  of  hourly  nephanalysls  (see  Chapter  II)  often  will 
serve  to  '’pick  up"  new  precipitation  areas  forming  upstream.  In  suffi¬ 
cient  time  to  alert  a  downstream  target  area.  Also,  the  thickening  and 
lowering  of  middle-cloud  (altostratus)  decks,  generally  indicates  where 
an  outbreak  of  precipitation  may  soon  occur. 

3.2.  Forecasting  the  Movement  of  Precipitation  Areas  by  Isochrones. 

The  areas  of  continuous,  intermittent,  and  showery  precipitation 

can  be  outlined  on  a  special  large  scale  3-hourly  or  hourly  synoptic 
chart,  in  a  manner  analogous  to  the  customary  shading  of  precipitation 
areas  on  ordinary  synoptic  surface  weather  maps.  Different  types  of 
lines,  shading,  or  symbols  can  distinguish  the  various  types  of  precip¬ 
itation  (see  Figure  3).  Isochrones  of  several  hourly  past  positions  of 
the  lines  of  particular  interest  can  then  be  added  to  the  chart,  and 
extrapolations  for  several  hours  made  from  them  If  reasonable  regular¬ 
ity  in  past  motion  is  evident.  A  separate  Isochrone  chart  (or  acetate 
overlay)  may  be  easier  to  use.  Lines  for  the  beginning  of  continuous 
precipitation  are  Illustrated  in  Figure  4.  The  Isochrones  for  showery 
or  intermittent  precipitation  usually  give  more  uncertain  and  irregular 
patterns  which  result  in  less  satisfactory  forecasts. 

Where  large-scale  sectional  surface  weather  maps  are  regularly 
drawn,  it  may  be  sufficient  and  more  convenient  to  make  all  the  precip¬ 
itation-area  analyses  and  isochrones  on  these  maps. 

3.3.  Forecasting  Movement  of  Precipitation  Areas  by  Means  of  a  Dis¬ 
tance  vs.  Time  (x-t)  Diagram. 

The  idea  of  plotting  obseraatlons  taken  at  different  times  on  a 


11 


*tt»uary  I957 


AWSM  105-51/1 

diagram  which  has  horizontal  or  vertical  distance  In  the  atmosphere  as 
one  coordinate  ^d  time  as  the  other  .5  very  old  and  haa  been  used  In 
various  forms  for  diverse  pvirposes  ty  numbers  of  meteorologists.  The 
time  cross-sections  much  used  In  the  tropics  are  a  special  case  of  this 
device,  where  successive  soundings  at  only  one  station  are  plotted, 

The  diagram  of  Stldd  [6]  has  successive  observations  fx*ora  various  air¬ 
craft  along  a  given  route  plotted  so  that  time  is  represented  on  a 
distance  scale.  Lee  [l]  has  used  a  diagram  on  which  successive  obser¬ 
vations  for  stations  along  a  given  route  are  plotted  at  points  scaled 
proportionate  to  the  station  separations.  He  calls  it  an  x-t  (l.e., 
distance-time)  Diagram,  which  might  be  taken  as  a  suitable  general 
designation  for  the  whole  class  of  dlagriuns  described  above.  On  all  of 
these  diagrams  an  analysis  can  be  carried  out  analogous  to  that  on 
synoptic  charts.  Lee's  version  is  of  particular  interest  here  becs^ise 
It  is  designed  for  regions  with  a  normally  dense  synoptic  network; 
whereas  the  time-cross  section  and  Stidd  Diagram  are  more  suited  for 
sparse-data  regions.  In  the  United  States  and  southern  Canada  the 
forecaster  can  usually  choose  an  axis  line  passing  from  his  station 
through  a  series  of  stations  in  the  direction  from  which  the  weather 
usxially  moves  in,  or  from  which  it  is  expected  during  the  particular 
situation.  This  line  forms  the  cirtance,  or  x-axls  of  the  diagram. 

The  positions  of  the  stations  are  narked  off  on  It  at  their  appropriate 
scale  distances.  Seldom,  if  ever,  will  many  stations  be  found  to  fall 
exactly  along  a  straight  line;  thertfore  in  practice  their  positions 
are  projected  onto  the  x-axls.  The  time  scale  (increasing  upward)  is 
ei*ected  at  right  angles  to  the  origin  of  the  x-axls.  Both  coordinate 
axes  have  linear  scales.  Observations  for  any  time  and  points  reason¬ 
ably  near  the  x-axls  may  be  plotted  on  this  diagram,  using  the  standard 
plotting  models  for  airways  or  synoptic  reports.  \  sufficiently  open 
scale  permits  special  reports  to  be  fitted  in  easily,  and  hourly  ten¬ 
dencies  can  be  computed  and  added  t-o  the  plotting.  The  resulting  pic¬ 
ture  has  somewhat  the  character  of  a  plotted  synoptic  chaii;  and  can  be 
analyzed  accordingly.  Tl^ls  type  of  diagram  has  many  applications  in 
short-period  analysis  and  forecasting. 

A  sltxiation  involving  an  approaching  cold  front  is  Illustrated  in 
Figure  5.  The  x-axis  was  chosen  at  an  approximately  right  angle  to  the 
cold  front.  A  smooth  cuir/e  Joins  the  successive  positions  of  the  front 
as  it  passed  successive  stations.  Such  a  curve  can  be  extrapolated  to 
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futuxre  times  an<5  thus  provide  a  forecast  as  to  when  It  will  pass  your 
terminal .  (normally,  the  last  station  line  to  the  rl^t).  The  accelera¬ 
tion  or  deceleration  In  frontal  speed  Is  Indicated  by  the  cuwature  of 
the  line,  and  this  curvature  can  (if  sufficiently  regular,  of  course) 
be  Included  In  the  extrapolation.  This  method  of  extrapolation  Is 
generally  feasible  and  successful  up  to  four  hovirs.  The  results  are 
most  accurate  wlsn  the  phenomenon  is  moving  regularly  and  at  moderate 
speeds.  When  the  complete  synoptic  models  are  plotted  on  the  x-t 
Diagram,  various  factors  affecting  local  movement  and  development  of 
systems  can  be  e»-aluated  subjectively  In  making  the  extrapolation.  For 
example,  the  interrelations  of  fronts,  visibilities,  winds,  clouds, 
temperatures,  fr*e33ures,  and  precipitation  can  be  readily  considered. 
Moreover,  locaLty  important  details  of  the  situation  missed  on  the 
large-scale  regular  synoptic  weather  maps  can  often  be  spotted  and 
followed  on  the  c:-t  Diagram.  On  Flgui*e  5,  for  example,  two  narrow 
bands  of  praclpitation  are  outlined.  They  evidently  could  have  been 
extrapolated  for  several  hours  with  good  accuracy. 
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Chapter  IV 

LONER1»0  OF  CEILINQ  IN  CONTINUOUS  RAIN  AREAS 
4.1.  Frontal  Sitimtlons. 

The  lowering  of  ceilings  associated  with  continuous  rain  or  snow 
In  warm- frontal  and  upper- troiogh  situations  Is  a  familiar  pzublem  to 
the  forecaster  In  many  regions.  The  6-  to  24-hour  forecast  of  such 
situations  has  been  well  discussed  for  the  southeastern  United  States 
In  AWS  TR  105-82.  December  1954.  In  very  short-period  forecasting  the 
question  as  to  whether  or  not  it  will  rain  and  when  the  zaln  will  begin 
Is  not  so  often  the  czitlcal  one.  Rather,  the  problem  Is  more  likely 
to  be  (assuming  the  rain  has  started)  how  much  will  the  celling  lower 
In  one  hour,  two  hours,  and  three  hours,  or  will  the  celling  go  below 
a  certain  minimum  within  the  three  hours.  The  visibility  In  these 
situations  generally  does  not  reach  an  operational  minimum  as  soon  as 
the  celling,  and  fog  usually  becomes  no  worse  than  light.  Dolezel  [7J 
has  shown  why  the  evaporation  of  tain  Into  calm,  lower  air  —  without 
sufficient  convergence,  or  advectlon,  or  turbulence  ~  does  not  lead  to 
saturation  and  will  cause  no  more  than  a  haze  nr  light  fog.  At  some 
locations,  as  near  the  East  Coast  or  where  upslope  trajectories  are 
involved,  advectlon  effects  may  bring  In  moister  air,  stratus,  or  dense 
fog  more  or  less  Independent  of  the  raln-evaporatlon  effect.  (For 
forecasting  In  these  cases  ether  methods  must  normally  be  used  —  see 
AVfS  TR  105-82,  AWSM  105-40.  and  AWSM  105-44. )  Once  stratus  has  formed, 
however,  extrapolation  of  Its  displacement  may  be  quite  successful. 

It  is  Important  to  recognize  the  difference  between  the  behavior 
of  the  actual  cloud-base  height  and  the  variation  of  the  "celling" 
height  as  It  Is  arbitrarily  defined  In  airway  reports.  In  continuous 
rain  the  true  base  of  a  given  cloud  layer  will  descend  gradually  or 
steadily  [7];  whereas  the  celling  usually  drops  rapidly  and  In  step¬ 
wise  fashion  —  especially  during  the  first  few  hours  after  the  rain  be- 
'!  gins.  The  reason  for  this  Is  that  below  the  precipitating  frontal- 

cloud  layer  there  are  usually  shallow  layers  In  which  the  humidity  Is 
relatively  high  and  which  soon  become  saturated  by  the  z^in.  The  cloud 
base  Itself  has  small  random  fluctuations  In  height  superimposed  on  its 
general  trend.  Figure  6  ..llustrates  this  principle.  Comparing  radio¬ 
sonde  data  and  celling  heights  dux’lng  rain  at  Portland,  Maine, 
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Raob  Sovmdlng  (Skew  T,  log  p)  Haob  Sounding  (Skew  T,  log  p) 

Before  Celling  Dropped  After  Ceiling  Dropped 


Figure  6.  Illustration  of  Rapid  Drop  in  Celling  with 

Occurrence  of  Rain. 

Goldman  [8]  found  that  the  ceiling  was  nu-di  below  the  main  frontal  cloud 
base  in  more  than  half  of  the  cases.  He  states  the  following  empirical 
rules  to  aid  in  forecasting  this  discrepancy: 

a.  If  the  rain  is  of  sufficient  duration,  a  ceiling  will  occur 
below  2000  feet  (usually  it  is  800  feet), 

b.  During  continuous  rain  a  ceiling  generally  does  not  occur 
at  the  height  of  temperature  discontinuity  (turbulence  inversion)  and/or 
maximum  humidity  until  after  the  occurrence  of  a  celling  corresponding 
to  the  next  higher  level  of  temperature  discontinuity  and/or  maximum 
humidity. 

c.  The  celling  remains  practically  constant  until  the  next 
lower  cloud  layer  appears  and  increases  sufficiently  for  its  base  height 
to  become  the  celling. 

These  rules  must  be  applied  to  a  radiosonde  ascent  close  to  the 
rain  area  in  time  and  space.  If  no  such  radiosonde  data  are  available, 
note  the  cloud-base  heights  reported  in  the  rain  area. 
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4.2.  Timing  of  Iiowerlng  of  Cellli 

Forecasting  the  time  whea  the  celling  of  a  given  height  will  he 

reached  during  xaln  Is  a  separate  problem..  Goldman  [8],  using  physical 
reasoning  similar  to  Do)  zel'a  [7l»  has  developed  a  formula  for  estimat¬ 
ing  the  moisture  Increase  from  rain  evaporation.  He  thus  devised  an 
objective  method  for  px^dlctlng  the  time  of  occurrence  ^f- a  given  cell¬ 
ing  at  Portland,  Maine.  An  empirical  factor  was  necessary  which  may 
not  be  valid  for  points  distant  from  there  since  it  was  determined  only 
for  Portland.  Specifically,  Goldman's  method  requires  the  following: 
l)  a  nomograph  giving  time  after  start  of  rain  at  idilch  air  becomes 
satvirated,  as  a  function  of  wet-bulb  depression  at  start  of  rain  (from 
raob);  2)  a  table  giving  average  values  of  temperature  change  (degree/ 
hour)  for  various  trajectory  directions  and  cloud-base  heights;  and 
3)  solution  of  an  equation  relating  the  temperature  change  to  the  time 
for  celling  to  reach  a  given  height.  He  also  developed  a  nomogram  to 
estimate  the  wet-bulb  depression  aloft  from  surface  data,  for  use  when 
raobs  are  not  available.  The  verifications  for  the  objective  method 
were  quite  good.  Qualitative  consideration  of  other  factors  should  Im- 
pTOve  the  results: 

a.  If  a  front  or  trough  (with  which  low  ceilings  are  associ¬ 
ated)  lies  nearby,  then  the  ceiling  may  lower  more  rapidly  than  fore¬ 
cast. 

b.  In  cases  of  heavy  rain  or  snow,  the  ceiling  will  lower  more 
rapidly  than  forecast  near  the  beginning  of  precipitation. 

c.  With  strong  turbulence  near  the  ground  the  time  of  forma¬ 
tion  of  very  low  clouds  may  be  xinderestlmated,  while  the  time  of  forma¬ 
tion  of  clouds  near  the  top  of  the  mixed  layer  may  be  overestimated. 

d.  Ceilings  may  not  lower  as  rapidly  as  forecast  In  cases  of 
intermittent  or  showery  precipitation. 

e.  The  time  a  celling  of  given  height  will  occur  ray  be  under¬ 
estimated  If  there  is  only  slight  advectlon  of  moist  air  at  that  level; 
if  there  Is  dry-air  advectlon,  the  celling  may  rise  (e.g.,  near  the 
time  rain  ends). 

If  we  lock  upon  evaporation  as  a  slow  and  regular  process  which 
will  give  the  basis  for  a  simple  extrapolation  forecast,  then  the  above 
factors  will  speed  up  or  slow  down  the  rate  at  which  the  celling  lowers. 

4.3.  Extrapolation  of  Celling  Trend  by  Means  of  an  x-t  Diagram. 

The  same  sort  of  distance-time  diagram  Illustrated  In  Chapter  III 
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can  be  used  to  extrapolate  the  trend  of  the  ceiling  hel^t  in  rain.' 

The  hourly  obsearvations  should  be  plotted  for  statlons-near  a  line  par¬ 
allel  to  the  probable  Hovement  of  the  general  rain  area^  originating  at 
your  terminal  and  directed  toward  the  on-coming  rain  ara.  Celllng- 
time  curves  for  given  celling  heights  (2000,  1500,  1000,  SCO,  300  feet, 
etc.)  may  be  drawn  and  extrapolated.  There  may  be  systematic  geograph¬ 
ical  differences  In  celling  between  stations  due  to  local  (topographic) 
Influences  which  cause  irregularities  In  the  cxxwes.  Such  differences 
sometimes  can  be  anticipated  from  climatological  studies,  e:Q)erlence, 
or  general  Inferences.  In  addition,  there  may  be  a  diurnal  (thermal) 
celling  fluctuation  wblch  v;lll  become  evident  In  the  currss  In  slow- 
moving  sltviatlons.  Bapld  and  erratic  up-and-do\m  fluctuations  also 
must  be  dealt  with  tdaere  the  celling  is  uneven  due  to  scud  or  "holes" 
of  small  diameter,  lb  this  case  a  smoothing  of  the  curres  may  be  neces¬ 
sary  before  the  extrapolation  can  be  made.  This  probably  vlll  cause 
the  forecast  to  be  proportionately  less  accurate. 

In  view  of  the  discussion  In  Sections  4.1  and  4.2,  it  Is  not  ex¬ 
pected  that  mere  extrapolation  can  be  wholly  satisfactory  at  a  station 
v/hen  the  celling  lowers  rapidly  during  the  first  hours  of  rain  as  new 
cloud  layers  form  beneath  the  front.  However,  by  foIloKlrg  the  celling 
trend  at  surrounding  stations  as  well,  a  pattern  of  the  aarupt  celling 
changes  may  be  noted.  These  changes  at  nearby  stations  ic.ere  rain 
started  earlier  may  give  a  clue  to  the  likely  sequence  at  your  terminal. 
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Chapter  V 


THE  TREND  CHART  AS  AN  EXTRAPOLATION  AID 

5.1.  '  Pttrpose  of,  the  Trend  Chart. 

The  trend  chart  can  be  a  valuable  forecasting  tool  when  it  Is  iised 
as  a  chronological  portrayal  of  a  group  of  related  factors.  It  has  the 
added  advantage  of  helping  the  forecaster  become  "current"  when  coming 
on  duty.  At  a  glance  the  relieving  duty  forecaster  Is  able  to  get  the 
pictxire  of  what  has  been  occurring  at  his  terminal.  Also  ?ie  Is  able  to 
see  the  progressive  effect  of  the  synoptic  situation  on  the  nfeather  at 
his  terminal  when  the  trend  chart  Is  used  with  the  currerit  map. 

5.2.  Trend-Chart  Format. 

The  format  of  a  trend  chart  shoTild  be  a  function  of  what  is  desired 
from  Itj  consequently  it  may  vary  In  form  from  station  to  station.  It 
should,  however,  contain  those  elements  which  are  predictive  In  nature 
as  well  as  the  quantitative  values  of  parameters  to  be  forecast  —  such 
as  celling  and  visibility.  With  this  In  mind,  a  suggested  format  Is 
outlined  below. 

5.3*  Using  the  Trend  Chart. 

The  trend  chart  Is  merely  a  method  for  portraying  graphically  what 
forecasters  generally  attempt  to  put  to  memory.  Included  in  the  usual 
technique  repertory  of  most  forecasters  is  a  list  of  key  predictor  sta¬ 
tions.  The  forecaster  utilizes  the  hourly  and  special  reports  from 
these  stations  as  aids  In  making  short-period  forecasts  for  his  own 
terminal.  Usually,  the  sequences  from  these  predictor  stations  are 
scanned  and  committed  to  memory.  Stepwise,  the  method  would  be  as 
follows: 

a.  Determine  the  direction  source  of  the  weather,  i.e.,  up¬ 
stream. 

b.  Select  a  predictor  station(s)  upstream  and  watch  for  the 
onset  of  the  critical  factor,  e.g.,  rain. 

c.  Note  the  effect  of  this  factor  on  celling  and  visibility 
at  predictor  statlon(8). 

d.  Extrapolate  the  approach  of  the  factor  to  determine  Its 
onset  at  your  terminal, 

e.  Consider  the  effect  of  the  factor  at  predictor  8tatlon(s) 
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in  forecasting  its  effect  at  your  terminal. 

The  main  weakness  In  this  procedure  Is  its  subjectivity.  The 
forecaster  Is  required  to  mentally  evaluate  all  of  the  Information 
available  on  the  hourly  sequences  both  for  his  own  and  his  predictor 
statlon(s).  The  trend  chart  is  a  meems  to  graphically  portray  the  se¬ 
quences  and  make  extrapolations  more  objective. 

The  question  thus  arises «  "How  many  trend  charts  do  I  need?"  The 
answer  depends  on  the  synoptic  situation.  There  are  times  when  keeping 
any  graphic  record  at  all  la  unnecessary;  whereas  at  others  the  trend 
for  the  local  terminal  may  suffice.  There  should  be  some  blank 
charts  available  'hlch  may  be  used  to  start  recording  at  any  time  as 
the  need  arises.  The  AWS  Form  72,  "Station  Continuity  Chart,"  Is  a 
related  type  of  record,  although  It  la  basically  an  analysis  aid. 

The  trend-chart  format  shown  in  Figure  7  Is  but  one  suggested  way 
of  portraying  the  weather  record.  Experimentation  and  Improvisation  • 
are  encouraged  to  find  the  beat  form  for  any  particular  location  or 
problem. 

5,^!,  The  "AWS  Terminal  Forecast  Sheet." 

In  the  AWS  Operations  and  Flying  Safety  Digest,  May  195^ »  a  "Ter¬ 
minal  Forecast  tSheet"  was  discussed  for  use  as  a  terminal  forecast  aid. 
Since  it  Is  quite  difficult  to  retain  a  mental  picture  of  specific 
weather  data  hour  by  hour,  the  Terminal  Forecast  Sheet  (see  Figure  8) 
gives  the  forecaster  a  continuous  visual  check  of  both  actual  and  fore¬ 
cast  terminal  weather.  Each  time  the  observer  enters  an  observation  on 
the  WBAN  10,  he  brings  it  to  the  forecaster  to  check  the  actual  prog¬ 
ress  of  the  weather  hour  by  hour  with  the  forecast  entries.  Thus,  It 
Is  quite  easy  to  see  In  symbolic  form  when  and  how  the  forecast  is 
going  awry.  For  example,  the  check  will  alert  the  forecaster  when  the 
celling  Is  lowering  much  faster  than  expected  or  when  the  overcast 
starts  breaking  a  couple  of  hours  early. 

Flgui^  8  Is  a  sample  Terminal  Forecast  Sheet  which  may  be  used  as 
a  guide.  The  circled  entries  show  an  amended  forecast.  The  forecaster 
changed  his  mind  after  the  0530Z  TPAWS  was  transmitted.  It  was  obvious 
to  him  that  he  had  been  entirely  too  optimistic;  so  the  circled  entries 
v/ere  made  into  a  revised  TFAWS  transmitted  at  063OE.  The  use  of  differ¬ 
ent  colors  on  the  form  (for  example,  i*ed  for  observations  contrary  to 
forecast)  may  show  inconsistencies  In  an  even  more  sticking  manner. 
tT!’,  IFR,  and  GCA  conditions  could  also  be  outlined  in  different  colors. 
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Figure  8.  AWS  Terminal  Forecast  Sheet. 


6.1.  Purpose  of  the  Time- Liner. 


In  the  preceding  chapters,  several  methods  have  teen  ’.lescrlhed  for 
"keeping  track  of  the  weather."  Forms  of  time- distance  charts.  Iso¬ 
chrone  devices,  trend  charts,  etc.  have  been  presented.  It  Is  not 
necessary  to  utilize  all  cr  most  of  these  Ideas  simultaneously.  The 
dfjvice  described  In  this  Chapter,  however,  Is  designed  for  use  In  com¬ 
bination  with  one  or  several  of  the  methods  described.  Time-Liners  are 
especlallv  useful  for  Isochrone  analysis  ami  extrapolation  therefrom. 

Inasmuch  as  a  large  majoilty  of  Incoi'rect  short-range  terminal 
•forecasts  result  from  poor  timing  of  weather  already  occurring  "up¬ 
stream,  "  a  device  sxich  as  described  below  may  j.mprove  this  timing. 

6.2.  Constriction  of  the  Time-Liner. 


The  Time-Liner  is  simply  a  local-area  map  which  is  c  vered  with 
plexiglass  and  constructed  as  follows: 

a.  Using  a  large-scale  map  of  the  local  area  (e.g..  Sectional 
Aeronautical  Chart),  construct  a  series  of  concentric  circles  centered 
on  your  station  and  equally  spaced  from  10  to  20  miles  apart.  The  dis¬ 
tance  from  the  center  vo  the  outer  clrcl'^  depends  on  your  location  but 
in  most  cases  about  ICO- 150  miles  suffice. 

b.  Malta  small  numbered  or  lettered  station  circles  for  many 
stations  locates  at  varying  distances  and  directions  from  your  terminal 
Stations  with  a  high  predictor  value,  relative  to  your  own  terminal, 
should  be  selected.  This  may  be  determined  by  experience,  local  fore¬ 
cast  studies,  and  climatology.  Usually,  hov/ever,  the  leporting  network 
Is  not  'so  dense,  and  most  nearby  stations  can  be  spotted.  In  addition 
to  the  .stat.lon  circle  indicators,  significant  topographical  features 
such  as  rivers,  mountains,  etc.  may  be  indicated  on  the  base  diagram. 
(Aeronautical  Charts,  of  course.  Include  these  features.) 

c.  Cover  and  bind  the  map  with  transparent  acetate  or  plexi¬ 
glass. 

6.3.  Plotting  and  Analysis  of  the  I'lme-Llner  (Sec  Figure  9). 

By  inspection  of  his  3.atest  surface  weacher  map,  sequences,  etc., 
the  forecaster  determines  a  section  of  the  diagram  and  the  parameters 
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to  ^  plotted*  This  will  usually  comprlae  about  one  third  of  the  cir¬ 
cle  in  a  direction  from  which  the  weather  is  approaching.  The  observer 
(or  forecaster)  then  plots  the  hourly  weather  SPECIALS  for  those  sta¬ 
tions  deslgna^d  by  the  forecaster,  being  careful  to  plot  the  time  of 
each  SPECIAL' observation. 

Overlay  the  circular  diagram  with  another  piece  of  plexiglass  and 
construct  isochrones  of  the  parameter  being  forecast  the 

time  of  arrival  of  the  leading  or  trailing  edge  of  a  cloud  or  precipi¬ 
tation  shield).  The  spacing  between  Isochrones  can  then  be  extrapo¬ 
lated  to  construct  "forecast  isochrones"  for  predicting  the  time  of 
arrival  or  occurrence  of  the  paraimeter  at  your  terminal. 

The  Time-Liner  is  admittedly  a  "quick  fix"  tool;  however  the  fact 
that  it  can  be  plotted  and  analyzed  quickly  (say,  ten  minutes  observer 
time  and  about  five  for  the  forecaster)  is  a  strong  point  in  its  favor. 
If  convenient,  the  distance  scale  can  be  constructed  to  coincide  with 
the  scale  of  the  local  sectional  map  used  and  the  Isochrones  overlaid 
on  the  latest  analyzed  map.  Kiis  makes  a  particularly  effective  brief¬ 
ing  aid,  since  the  crew  member  being  briefed  can  see  what  he  is  being 
told  by  the  forecaster  regarding  the  local  area. 

The  prime  use  of  this  device  is,  of  course,  for  timing  or  extrapo¬ 
lation  purposes.  It  cannot  be  emphasized  too  strongly  that  accurate 
timing  is  a  most  Important  facet  of  short-period  terminal  forecasting. 
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.  .  Chapter  VII 

US£  OP  RADAR  IN  TERMINAL  WEATHER  FORECASTINa 

7.1.  Introduction. 

Although  radar  meteorology  la  still  In  Its  infancy^,  certain  aspects 
az«  quite  well  understood  and  can  be  used  to  good  advantage  In  making 
short-period  terminal  forecasts. 

Radar  enables  the  forecaster  to  look  at  the  weather  picture  on  a 
scale  mid-way  between  the  strictly  local  weather  observation  and  the 
synoptic-chart  picture.  The  forecaster,  however,  must  become  thorou^- 
ly  familiar  with  the  local  peculiarities  of  radar  return  caused  by 
topography  and  anomalous  propagation  slttiatlons  at  his  station. 

7.2.  Radar  Scope  Interpretation. 

Weather  patterns  are  generally  so  complex  that  It  is  customary  to 
use  greatly  simplified  schematic  models  as  guides  In  analyzing  them. 

This  la  particularly  true  of  precipitation  patterns.  With  radar,  pre¬ 
conceived  patterns  are  not  necessary  since  the  radar  clearly  shows  the 
detailed  structures  which  are  present  within  the  general  precipitation 
areas.  The  PPI  (Plan  Position  Indicator)  scope  should  be  used  In  each 
situation  to  determine  the  character  of  the  echoes  which  are  classified 
as:  1)  Isolated,  2)  a  line  of  echoes,  3)  echoes,  or  4)  area 
echoes  with  lines  superimposed.  Ecattered  echoes  may  be  related  to 
air-mass  weather,;  lines  of  echoes,  to  squall  lines  or  cold  fronts; 
certain  characteristic  curves  in  echo  lines,  to  frontal  wavea;  Wide¬ 
spread  relatively  homogeneous  echo  patterns,  to  warm  frontal  precipita¬ 
tion  under  stable  conditions  (banded  structures  under  less  stable  con¬ 
ditions). 

7,2.1.  Identification  of  Preclplt^loif  Areas.  One  of  the  most  Im¬ 
portant  uses  of  jradar  for  the  terminal  forecaster  Is  to  help  hLa  locate 
existing  precipitation  areas  In  the  vicinity  of  his  terminal  (up  to  250 
miles).  Once  a  storm  area  has  been  detected,  the  movement  and  growth 
of  the  system  can  readily  be  determined  by  making  successive  observa¬ 
tions  and  noting  the  changes  In  position  and  size  of  the  echoes.  The 
movement  Indicated  from  successive  observations  should  be  extrapolated 
to  determine  which  storms.  If  any,  are  likely  to  affect  the  terminal 
area  (assuming  that  the  indicated  movement  will  continue)'.  Obvloxisly, 


27 


AVSM  105~53/l-  January  1957 

therefore,  attention  should  he  focused  on  potentially  critical  tqpstreaa 
areas.  Vhen  It  appears  that  a  particular  stoxn  area  is  going  to  pass 
over  a  texninal,  the  weather  conditions  which  have  been  reported  to  be 
in  this  stoxv  area  shoxild  be  forecast  for  the  extrapolated  tine.  Of 
course,  allowance  aust  be  made  for  modification  by  significant  local 
[/  terrain  effects  and  for  tendencies  of  the  area  to  change  in  size  and 
^  intensity  as  indicated  by  successive  radar  observations. 

I  7.2.2.  Layers  and  Cells.  The  general  appearance  of  weather  echoes 

[  on  the  FPI  and  RHI  (Range  Height  Indicator)  scopes  identifies  the  type 

t 

I.  of  precipitation  in  the  area.  If  the  weather  return  on  the  PPI  scope 

I  is  quite  uniform  and  not  distributed  in  sharply  defined  cells,  it  indi¬ 

cates  stratiform  clouds  and  precipitation.  On  the  RHI  scope  this  situ¬ 
ation  is  even  more  pronounced  since  the  layer  resembles  a  horizontal 
stratus  cloud  extending  out  to  the  limit  of  detection.  When  the  weather 
echoes  on  the  PPI  are  in  the  form  of  individual  cells,  the  precipitation 
is  due  to  convective  processes  such  as  showers  or  thunderstorms.  This 
is  also  i>artlcularly  evident  on  the  RHI  scope.  On  both  scopes  the 
edges  of  the  echoes  are  well  defined,  but  in  addition  on  the  RHI  the 
echoes  are  tall  and  narrow.  When  convective  activity  is  superin^osed 
on  general  precipitation,  the  cells  appear  as  intensifications  of  the 
echoes  along  vertical  or  nearly  vertical  lines.  Individual  echoes,  of 
course,  are  usually  from  cells  which  "feed"  on  the  air  around  them  so 
that  these  echoes  appear  to  move  with  a  speed  somewhat  less  than  that 
of  the  wind.  Also,  they  may  tend  to  grow  in  a  particular  direction 
giving  a  distorted  impression  of  movement.  It  must  be  borne  in  mind 
that  on  the  radar  scope  the  life  span  of  an  individual  cell  in  a 
thunderstorm  area  ds  of  the  order  of  20  minutes  to  an  hour;  however 
other  cells  may  generate  in  the  vicinity. 

7,2.3.  Rain  or  Snow.  Since  water  droplets  scatter  about  5  times 
as  Batch  energy  as  cox'respondlng  snov/  crystals,  the  return  from  snow 
tends  to  be  weaker;  and  the  differences  of  intensity  within  a  snow  storm 
are  generally  much  less  than  in  a  rain  storm.  A  typical  PPI  presenta¬ 
tion  of  snow  is  a  uniform  hazy  or  coarse  echo  with  very  diffuse  edges. 
When  both  snow  and  rain  are  present,  as  is  the  case  when  snow  falls 
from  a  higher  cloud  but  melts  to  become  rain  before  reaching  the  groxmd, 
the  echo  differences  are  particularly  striking,  on  the  RHI  scope.  Above 
the  melting  level,  the  returns  from  snow  crystals  are  weak;  at  the 
melting  level  where  the  flakes  first  become  coated  with  water  the 
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return  Is  very  strong;  finally,  as  they  continue  to  fall  as  raindrops, 
their  fall  velocity  Increases,  and  the  radar  reflectivity  decreases. 
!nils  gives  rise  to  a  "bright  band"  associated  with  the  level  of  melting 
as  discussed  below. 

7.2.4.  The  Melting  Level.  An  estimate  of  the  height  of.  the  melt¬ 
ing  (freezing)  level  In  precipitation  areas  near  the  terminal  often  can 
be  given  by  the  RKI  scope.  For  this,  the  radar  operator  should  slowly 
reduce  the  receiver  gain  while  the  antenna  Is  scanning  In  elevation. 

An  area  of  stronger  return  knoim  as  the  "bright,  band"  (or  melting  zone) 
near  the  svuspected  altitude  of  the  O^C  Isotherm  will  be  visible  on  the 
scope.  This  "bright  band"  will  be  slightly  below  (300-500  feet)  the 
freezing  level  of  the  area  being  scaimed.  Short  range  will  give  the 
best  results  on  this  observation.  A  well-defined  and  thin  horizontal 
bright  band  Is  Indicative  of  a  very  stable  air.  Under  extremely  un¬ 
stable  conditions,  however,.,  the  layer  represented  by  the  bright  band 
becomes  so  deep  and  mixed  up  that  there  la  little  or  no  effect  notice¬ 
able  on  the  radar  scope. 

7.2.5.  0bae3pvatlon  of  Vertical  Wind  Shear.  When  the  precipitation 
Is  showery,  the  cells  may  be  seen  on  the  RHI  scope  as  separate  coltomns 
of  falling  rain  or  snow.  These  columns  often  are  distorted  from  the 
true  vertical  by  wind  shear.  To  observe  this  shear  effect  clearly  the 
antenna  must  be  scanning  in  the  same  plane  as  the  wind  shear.  To  do 
this  adjust  the  azimuth  \mtll  the  greatest  distortion  from  the  vertical 
Is  observed.  Such  observations  give  heights  of  shear  zones  and  a  qual¬ 
itative  estimate  of  the  shear,  but  considerable  experience  as  well  as 
an  accurate  knowledge  of  the  fall  velocities  involved  are  necessary  for 
more  quantitative  evaluation. 

7.2.6.  Stability,  Instability,  and  Turbulence.  Radar  can  be  use¬ 
ful  In  a  qualitative  evaluation  of  the  degree  of  turbulence  near  the 
temninal  In  those  layers  where  precipitation  Is  forming  or  through 
which  It  is  falling.  Horizontally  stratified  echoes  are  indicative  of 
smooth  air;  whereas  vertical  coltirans  or  cellular  echoes  indicate  verti¬ 
cal  motions  which  cause  turbulence  to  aircraft.  As  previously  men¬ 
tioned,  the  sharpness  of  "bright  band"  is  an  Indication  of  the  stabili¬ 
ty  Involved.  Sharp  wind-shear  layers  are  also  an  Indication  of  asso¬ 
ciated  turbulence. 

It  Is  well-known  that  the  most  severe  turbulence  (as  well  as  heavy 
Icing  and  damaging  hall)  Is  associated  with  actively  developing  thunder- 
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atorma  extending  to  great  heig^ita.  Curing  thia  (Sangeroua  growing  atage, 
the  top  of  the  radar  edho  rlaes  rapidly.  The  growth  can  beat  be  fol¬ 
lowed  by  ualng  the  BHI  acope  and  acannlng  vezrtically  on  the  azimuth 
which  Includea  the’  hlgheat  echo.  Subsidence  of  the  top  of  the  echo  In- 
dlcatea  the  end  of  convection  and  the  resulting  decreaae  of  turbulence 
in  that  particular  cell  or  group  of  cella. 

7.2.7*  Aircraft  Icing.  Radar  information  say  aaalat  in  estimating 
aircraft  Icing  conditions  near  the  terminal.  As  mentioned  in  the  prev¬ 
ious  sub-section,  the  moet  severe  Icing  la  fovud  In  tall  growing  cumu¬ 
lonimbus  above  the  altitude  of  the  melting  zone.  In  such  cases,  the 
absence  of  a  bright  band  near  what  Is  known  to  be  the  freezing  level 
Is  an  Indication  of  enough  convection  to  cause  sex'lous  Icing  within 
radar  echoes  above  that  level.  The  most  severe  icing  should  be  fore¬ 
cast  near  the  top  of  the  rapidly  growing  echo  where  the  liquid  water 
content  Is  a  maximum  and  the  temperature  nay  be  well  below  freezing. 

In  the  mature  stage  of  a  thunderstorm  the  sntn.  at  its  top  may  become 
heavy  enough  to  give  a  diffuse  or  fuzzy  echo  vflth  a  weaker  return  than 
the  liquid  water.  This  difference  of  echo  appearance  Is  useful  for 
predicting  Icing  probabilities  In  the  various  parts  of  the  cloud. 

With  eaqperience  the  terminal  forecaster  should  be  able  to  apply 
the  observing  ability  of  weather  radar  to  his  advantage  in  solving  fore¬ 
casting  problems  for  specific  types  of  operations  not  covered  In  this 
Chapter.  With  the  further  development  of  new  techniques  and  equipment, 
even  more  extensive  use  of  weather  radar  will  aid  the  texmliial  weather 
forecaster. 

For  further  Information  and  Illustrations  refer  to  the  following 
publications : 

1.  AiJS  TR  105-97.  "The  Use  of  Radar  in  Weather  Forecasting" 
(especially  Section  II),  November  1952. 

2.  AWSH  55-6,  "Operation  and  Utilization  of  the  AN/CPS-9 
Radar,"  (especially  paragraphs  2600<r3830),  April  1955. 

3.  "Radar  Scope  Interpretations  of  Wind,  Hall,  and  Heavy  Rain 
Storms  Between  Kay  27  arid  June  8,  195^»"  0.  B.  Stout  and  H.  W.  Kiser, 
Bull.  Amer.  Met.  Soc.,  Vol.  36,  Ho.  10,  December  1955* 
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:  Chapter  VUt 
UPPER  WINDS  . 

In  view  of  the  rapid  Increase  of  wind  variability  with  tlne^  a 
most  Important  step  to  Improve  upper^wlnd  forecasts  Is  to  systematic 
cally  chart  the  6-hourly  winds.  Obviously,  more  accurate  short-period 
upper-wind  estimates  can  be  made  by  using  winds  only  3-9  hours  old 
(from  6-hourly  local  wind  analyses)  than  from  winds  8-20  hours  old 
(from  facsimile  contour  analyses). 

Since  upper-wind  obsei*vlng  Is  still  far  from'  perfect,  the  wind  re¬ 
ports  often  contain  large  erroi’s  which  become  apparent  when  continuity 
Is  applied.  Vei*tlcal  smoothing  of  the  wind  profiles  should  also  be  a 
part  of  this  wind  criticism.  The  observer  plots  the  wind  profiles  for 
about  8-12  rawlns  within  the  local  region  of  Interest  as  well  as  xq»- 
stream.  The  forecaster  can  then  by  use  of  6-hourly  continuity  scrutto- 
ize  the  profiles  and  smooth  them  to  eliminate  observational  errors  as 
well  as  non- representative  and  eddy- type  features. 

Ihe  winds  of  these  smoothed  profiles  should  then  be  plotted  aa. 
three  small  maps  corresponding  to  the  level  of  the  maximum  wind  as  well 
as  the  levels  representing  the  upper  and  lower  limits  of  operational 
Interest.  Vfhen  these  small  regional  charts  are  2uialyzed  for  streaa- 
llnes  and  Isotachs,  8lnq;>le  extrapolation  based  on  these  charts  in  con¬ 
junction  with  both  horizontal  and  vertical  Interpolation  will  produce 
any  desired  spot-wind  forecast  in  the  vicinity  of  the  local  texnlnal. 
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APPENDIX  A 

CLOUD  INFORMATION  PRW  CODE  FORMS  IN  COMMON  AWS  USB 
(See  sub-section  2.3.2) 

Al.  International  Synoptic  Code  (an4  Marine  Code), 
a.  Use: 

(1)  3“hou  »ly:  United  States 'and  Canada 

(2)  3-,  6-,  or  12-hourly:  Overseas 

I  b.  Symbolic  Pom  (groups  with  cloud  data).  - Nddff  WWwW 

I  - - (^s^Vs^^ 

I  (1)  N  a  fraction  of  sky  covered  by  cloud, 

r  (2)  »  fraction  of  sky  covered  by  type  of  cloud  re- 

;  ported  for  Cj^  or  Cj^  (not  Cjj);  WMO  Code  6.  If  all 

clouds  are  or  C^,  then  N-  V  aqual  but 

;  never  exceed  N. 

i  (Table  1,  Cire.  N)  type  of  lower 

j  cloudy  Sc,  St,  Cu,  Cb;  WMO  Code  11  (Table  8,  Circ.  N). 

j  (4)  h  -  height  above  ground  of  base  of  cloud;  WMO  Code  43 

:  (Table  9,  Clrc.  N);  h  for  Cj^  is  height  of  lowest 

/  visible  cloud  patch. 

t 

(5)  Cji  »  predominant  type  of  middle  cloud:  Ac,  As,  Ns; 

I  WMO  Code  12  (Table  10,  Circ.  N). 

I  (6)  Cjj  "  predominant  type  of  high  cloud;  Cl,  Cc,  Cs; 

;  WMO  Code  13  (Table  11,  Giro.  N). 

;  (7)  Njj  «  fraction  of  sky  covered  by  individual  cloud 

:  layer  of  type  C;  WMO  Code  60  (Table  1,  Circ.  N). 

(8)  C  »  type  of  cloud;  WMO  Code  10  (Table  17,  Circ.  H). 

(9)  hghg  «=  height  of  base  of  cloud  layer  whose  type  is 
indicated  by  C;  WHO  Code  40  (99  numbers.  Table  I8, 


Circ.  N). 

A2.  U.S..  Airways  Report. 

a.  Use: 

(1)  Teletype;  United  States  and  Canada. 

(2)  Radio:  Far  East. 

b.  Form  (contents  pertaining  to  clouds).  Cellliig/sky/condl- 
tlon/ — /weather/RSMARKS;  —  cloud  data  — — . 
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c.  Specifications  (see  paragraph  1100,  1400,  1510-1541  of 
Clrc.  N  and  AWSM  105-22) .  Celling  given  as  hel^t  of  lowest  layer  re¬ 
ported  as  broken  (.6-. 9  sky  cover),  overcast  (lO/lO)  or  obscured.  In 
nearest  IC-O  feet  up  to  5000  feet,  or  nearest  500  feet  from  5000-10,000 
and  to  nearest  1000  feet  for  over  1.0,000  feet  above  field.  Sky  cover 
Is  given  for  each  layer;  the  s\im  of  these  is  total  sky  cover.  The 
cloud  type  for  each  layer  reported  under  celling  and  sky  Is  stated 

•  along  1th  heights  of  tops  In  the  ”Remark8.“ 

A3.  AERO  Code. 

'  a.  Used  in  hourly  or  J^hourly  airways  reports:  Europe  and 

Asia. 

b.  Symbolic  Form  (groups  with  cloud  data).  - Nddff 

WwwW — •  8N^Ch...h  • - ,  where: 

8  s  s  ' 

(1)  li  =  fraction  of  sky  covered  by  cloud  (or  total  sky 
cover);  KKO  Code  6o  (Table  13,  AWSM  105-24). 

(2)  ww  «  present  weather;  WHO  Code  92;  Items  00,  01,  02, 
and  03  give  tendency  of  state  of  sky  (Table  19, 

AWSM  105-24). 

(3)  V  =  past  weather;  WMO  Code  90  (Table  18,  AWSM  105-24) 
items  0,  1,  and  2  give  duration-  of  sky  cover. 

A4.  AIREP  Reports. 

a.  Used  in  voice  reports  from  transport  aircraft  to  ground 

stations. 

b.  Form  Is  In  clear,  abbreviated  text  which  includes  present 
weather  (past  10  niinutes)  as  well  as  cloud  type,  amount,  and  altitudes 
of  bases  and  tops. 

A5.  POMAR  Code. 

a.  Used  for  reports  from  transport  aircraft. 

•  b.  Sycb;lic  Form  (groups  with  cloud  data).  — — 

l^eVt^t - ' 

,  (l)  Cg  «*  cloud  type  in  code  (see  AWSM  105-22,  Figure  5), 

(2)  «  altitude  of  base  of  cloud  In  decameters  or 
hundreds  of  feet. 

(3)  =  altitude  of  top  of  cloud 
a6.  RECCO  Code. 

a.  Used  by  i*egular  weather  reconnaissance  flights  (United 
States  and  Great  Britain) . 
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Syinl)Ollc  Form  (groups  tilth  cloud  data). 


-vraiWMB 


^c'S'^«sS(  I'S.Ws  - ^VaV. - ®^e»eVe 

(1)  H  "  present  weather;  Items  0,  1,  and  2  give  sky 
cover  (see  paragraph  3107. 1  lo  AWSM  105-3*^). 

(2)  W  "  past  weather  (same  code  as  for  w). 

(3)  ^c*  "  fll^t  condltlcms;  ^ves  amomt  of  cloud  cover 
(see  paragraph  3108.I  In  AWSM  105-34). 

{^)  etc.  -  weather  In  north,  east,  etc.  'ijuadrants; 

Items  1,  2,  3j  and  9  give  character  of  cloud  cover 
from  30  miles  to  Unit  of  vision. 


(5)  k.^  *  numher  of  cloud  layers  reported  (N^^,  Ng,  N^, 
etc), 

(6)  Nj^,  Ng,  etc.  *  cloud  amount,  layer  1,  2,  etc..  In 
octants. 

(7)  C  »  cloud  type.  In  code  (see  paragraph  3110.1  In 
AWSM  105-34). 

(8)  hh  "  height  of  cloud  base  (above  msl)  of  layer  whose 
form  la  given  by  C  and  coverage  by  N,  In  code  (see 
paragraph  3110,21  of  AWSM  105-3»). 

(9)  HH  =  height  of  cloud  top  (above  msl)  of  layer  C,  same 
code  as  for  hh. 

(10)  W„  "  weather  off-course,  not  predominant  In  any  one 
c 

quadrant:  Items  1,  2,  6,  7»  8/  and  9  give  cloud 
types  or  states  of  sky.  In  code  (see  paragraph  3115.^ 


(11)  "8"  groups,  give  radar-scope  echo  distribution  (see 

paragraph  3119  of  AVSH  105-34) . 
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NOTE  ON  RELATION  OP  WIND  FIELD  TO  CLOUD  MOTIONS 


The  relation  between  the  wind  field  and  cloud  motions  cannot  be 
stated  as  a  simple  rule.  The  Individual  cloud  elements,  over  short 
periods  of  time  at  least,  generally  move  with  the  wind  where,  they  are. 
But  the  large-scale  motion  of  a  cloud  system  as  an  entity  depends  on 
the  motion  of  the  associated  areas  of  convergence  or  vertical  motion, 
so  that  no  universal  general  relation  to  the  horizontal  wind  speed  Is 
known.  Since  in  middle  levels  the  winds  usually  move  through  the 
croughs  and  ridges,  it  can  be  said  that  the  middle-cloud  systems  are 
generally  translated  somewhat  slower  than  the  v/lnds,  l.e.,  from  50  to 
90^' of  the  wind  speed.  Studies  have  indicated  that  the  middle-cloud 
systems  should  move  at  about  80%  of  the  500-mb  Z-bar  flow  (sec 
AWSM  105-50/1  and  (5l).  lu  general,  this  relationship  is,  of  course, 
useful  only  for  those  few  detachments  which  make  or  receive  (via  fac¬ 
simile)  a  Z-bar  chart.  A  short-cut  method,  however,  for  estimating 
the  500-mb  Z-bar  flow  at  the  point  of  interest  (e.g.,  edge  of  an  over¬ 
cast  cloud  deck)  is  proposed  as  follows:  Make  a  6  latitude-degree  grid 
arotind  the  point  and  oriented  parallel  to  the  edge  of  the  cloud  (or 
neph-curve);  read  off  the  500-mb  contour  heights  at  these  points  and 
compute  AH  =  ^(^3  ■"  ^2  ^4  ~  mean-height  dlx'ference  across 

the  grid  normal  to  the  cloud  edge  (see  Figure  Bl).  The  speed  of  the 
neph-cur'/e  or  cloud  edge  can  be  evaluated  with  aid  of  the  well-known 
relation  _ 

V  =  0.8  m  =  0.8K 


f  AN 


n,  m«, 


where  ,8  is  de^’lnial  fraction  of  the  space-meaned  flow  at  which  the 
clouds  should  move,  ^  (or  75}  )  is  the  gradient  of  the  Z-bar  flow 
expressed  as  100 ’s  of  feet  per  6  latitude  degrees,  and  K  the  latitude 
factor  Choosing  6*  x  60  n.m.  =  36O  for  AN,  multiplying  by  3  fc 


factor  Choosing  6*  x  60  n.m.  =  36O  for  AN,  multiplying  by  3  for 

3-hour  displacement,  and  dividing  by  60  n.m.  (for  one  latitude  degree), 
gives  a  working  formula  for  the  speed  of  the  neph-curve,  S.,  in  latl- 
tude  degrees  per  3  hours,  Sj^  =  “fa”  greater  simplicity 

KAH 

we  reduce  .8  to  .72  and  get  Sj^  =  The  values  of  K  ar*e  (from 

AWSM  345-1  Rev) : 
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for  60 •  Latitude:  25 
for  50*  Latitude:  28 
.for  4o*  Latitude:  33 
for  30*  Latitude:  43 

The  6  latitude-degrees  must  be  measured  in  terms  of  the  latitude  of  the 
point  of  interest,  to  allow  for  the  changes  in  chart  distance  with 
latitude.  However,  on  the  Lambert  conformal  chart,  a  single  6  latitude- 
degree  plastic-overlay  template  constructed  for  the  scale  at  the  stand¬ 
ard  parallels  can  be  used  with  sufficient  accuracy.  The  evaluation  of 
Sjj  from  AH  and  ♦  is  quickly  made  on  a  nomogram,  such  as  illustrated 
here  (Figure  B2). 

For  levels  lowi»r  than  500-mb,  the  advection  factor  .8  would  prob¬ 
ably  Increase  to  about  1.1  or  more.  These  factors  have  been  determJjied 
empirically  as  best-fit  averages  and  there  ave,  of  course,  deviations 
in  Individual  cases.  The  standard  deviation  at  500  mb  is  about  IQ^, 
and  at  700  mb  25J^. 

The  above  procedure  is  recommended  only  for  points  where  the  past 
history  of  the  cloud  movement  is  not  accurately  known;  otherwise  pure 
extrapolation  is  probably  as  good  or  better,  at  least  for  such  short 
periods  as  1  to  3  hours. 


H 
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Figure  Bl.  Qz*ld  for  Computing  AH. 
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Nomogram  for  Evaluating  Sy  fi*on  AH  and  ♦ 
I  latitude  degrees  per  3  hours.) 
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